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(54) MAIN SWITCH CONTROL CIRCUIT OF POWER SOURCE EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a main switch control 
circuit which controls the loss of a main switch of a power source 
equipment and reatrains it at a low level. 

SOLUTION: MOSFET s 01 and 02 of a main switch are connected 
In parallel. The output terminal of a control circuit 1 is connected 
with the gate of an MOSFET 01. The output terminal B of a delay 
circuit 4 Is connected with the gate of the MOSFET 02. By shifting 
the timing of ON/OFF control of the MOSFET's 01 and 02 and 
controlling them, the switching loss and the conducting loss can be 
restrained to be low. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim 1] In the main-switch control circuit of the power unit which 
controls MOSFET of a main switch The 1st MOSFET and 2nd MOSFET of a main 
switch connect with the primary coil of the main transformer at 
juxtaposition. The output terminal of a control circuit It connects with 
the input terminal of a delay circuit at the gate of said 1st MOSFET. 
The output terminal of said delay circuit The main-switch control 
circuit of a power unit which connects with the gate of said 2nd MOSFET, 
can shift the timing of ON and OFF control, and is characterized by 
controlling the 1st MOSFET and 2nd MOSFET of said main switch. 
[Claim 2] In the main-switch control circuit of a power unit according 
to claim 1, although ON resistance is comparatively high, it is 
characterized by switching speed using quick MOSFET at the 1st and 2nd 
MOSFETs. 

[Claim 3] In the main-switch control circuit of the power unit which 
controls MOSFET of a main switch The 1st MOSFET and 2nd MOSFET of a main 
switch connect with the primary coil of the main transformer at 
juxtaposition. The output terminal of a control circuit It connects with 
one input terminal of an AND circuit, one input terminal of an OR 
circuit, and the input terminal of a delay circuit. The output terminal 
of said delay circuit It connects with the input terminal of another 
side of said AND circuit, and the input terminal of another side of said 
OR circuit. The output terminal of said AND circuit It connects with the 
gate of said 1st MOSFET. The output terminal of said OR circuit The 
main-switch control circuit of a power unit which connects with the gate 
of said 2nd MOSFET, can shift the timing of ON and OFF control, and is 
characterized by controlling the 1st MOSFET and 2nd MOSFET of said main 
switch. 

[Claim 4] In the main-switch control circuit of a power unit according 
to claim 3, it is characterized by using low MOSFET of ON resistance for 



it, although switching speed is comparatively slow to the 1st MOSFET, 
and switching speed using quick MOSFET for it, although ON resistance is 
comparatively high to the 2nd MOSFET. 

[Claim 5] In the main-switch control circuit of the power unit which 
controls MOSFET of a main switch The 1st MOSFET and 2nd MOSFET of a main 
switch connect with the primary coil of the main transformer at 
juxtaposition. The output terminal of a control circuit It connects with 
one input terminal of an exclusive ''or" circuit, and the input terminal 
of the 1st delay circuit. The output terminal of said 1st delay circuit 
It connects with the gate of said 1st MOSFET, and the input terminal of 
the 2nd delay circuit. The output terminal of said 2nd delay circuit It 
connects with the input terminal of another side of said exclusive ''or'' 
circuit. The output terminal of said exclusive "or" circuit The main- 
switch control circuit of a power unit which connects with the gate of 
said 2nd MOSFET, can shift the timing of ON and OFF control, and is 
characterized by controlling the 1st MOSFET and 2nd MOSFET of said main 
switch. 

[Claim 6] In the main-switch control circuit of a power unit according 
to claim 5, it is characterized by for ON resistance using low MOSFET 
for it, although switching speed is comparatively slow to the 1st MOSFET, 
and switching speed using quick MOSFET for it, although ON resistance is 
comparatively high to the 2nd MOSFET. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a main-switch control circuit 
in a power unit, and relates to the main-switch control circuit 



controlled so that the switching loss especially by the main switch 

becomes low. 

[0002] 

[Description of the Prior Art] Drawing 9 is the block diagram of the 
main-switch control circuit in the conventional stone forward form 
switching power supply. Moreover, drawing 10 is drawing showing the wave 
of a main-switch control circuit of operation, and drawing 11 is drawing 
showing the switching loss generated from the main switch, and flow loss. 
[0003] MOSFETQbl is driven by the driver voltage Vgs from a control 
circuit 1. When Vgs becomes high potential, MOSFETQbl will turn on and 
will be in switch-on, the drain current Id flows and the drain source 
electrical potential difference Vds serves as low voltage. Conversely, 
if Vgs serves as low voltage, MOSFETQbl will turn off and will be in 
non-switch-on, the drain current Id will not flow and the drain source 
electrical potential difference Vds will serve as high potential. When 
changing to high potential, it becomes a crest type under the effect of 
L component of the main transformer Tb 1, and becomes fixed potential. 
[0004] 

[Problem(s) to be Solved by the Invention] There are drive loss, 
switching loss Ps, and the flow loss Pon as loss in the above main- 
switch control circuits generated in a main switch MOSFETQbl. In drawing 
11 , switching loss Ps is the sum of the switching loss Pf generated in 
tf at the time of switching loss Pr generated in tr at the time of a 
turn-on, and a turn-off, and the flow loss Pon is loss generated at the 
ON period ton, 

[0005] Ps and Pon are [Equation l]. 



Ps=Pr+Pf 
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It can be found in Mr. **. In order to make the switching loss generated 
with the main switch MOSFETQbl by the main-switch control circuit 
mitigate from the above-mentioned (1) - (3) type, it turns out that what 
is necessary is for what is necessary to be just to shorten the turn-on 
time tr and the turn-off time tf of MOSFETQbl, and just to make speed of 
switching quick. Furthermore, (4) types show that what is necessary is 
just to make ON resistance Rdson of MOSFETQbl low, in order to make the 
flow loss Pon mitigate. 

[0006] That is, if the component in which switching speed has the 
property that it is quick and ON resistance is low, , as a property of 
MOSFET is used, it will be made to mitigate the loss generated with a 
main switch MOSFETQbl. However, making switching speed quick and making 
ON resistance low have a ********** relation, and there is a limitation 
in implementation of low MOSFET of ON resistance quickly [ switching 
speed ]. 

[0007] Then, to realize the control circuit of a main switch which such 
an MOSFET can be used [ control circuit ] and can make the loss 
generated with a main switch mitigate was desired. 
[0008] 

[Means for Solving the Problem] In the main-switch control circuit of 
the power unit which controls MOSFET of a main switch, to the primary 
coil of the main transformer, the 1st MOSFET and 2nd MOSFET of a main 
switch connect with juxtaposition, the output terminal of a control 



circuit is connected with the input terminal of a delay circuit at the 
gate of said 1st MOSFET, and the output terminal of a delay circuit is 
connected to the gate of the 2nd MOSFET. 

[0009] When the pulse output electrical potential difference of a 
control circuit serves as high potential, the 1st MOSFET will turn on 
and will be in switch-on, and when carrying out a turn-on, switching 
loss occurs. If the pulse output electrical potential difference of a 
delay circuit serves as high potential, the 2nd MOSFET will turn on and 
will be in switch-on, and although a turn-on is carried out, since the 
drain source electrical potential difference serves as low voltage at 
this time, the switching loss at the time of a turn-on will not be 
generated. Although flow loss occurs when the 1st and 2 MOSFET is 
switch-on, since parallel connection is carried out, ON resistance is 
low, and flow loss becomes low. 

[0010] If a pulse output electrical potential difference serves as low 
voltage, the 1st MOSFET will turn off and will be in non-switch-on, 
although a turn-off is carried out, a drain source electrical potential 
difference will serve as low voltage, and switching loss will not be 
generated. Furthermore, when the pulse output electrical potential 
difference of a delay circuit serves as low voltage, the 2nd MOSFET will 
turn off and will be in non-switch-on, and when carrying out a turn-off, 
switching loss occurs. 

[0011] In this case, to the 1st and the 2nd MOSFET, although it is 
comparatively high, since MOSFET with a quick switching speed is being 
used for the switching loss at the time of a turn-off by using MOSFET 
with a quick switching speed at the time of a turn-on, ON resistance can 
be suppressed low. Moreover, since the 1st and the 2nd MOSFET are used 
connecting with juxtaposition, ON resistance becomes low and can also 
suppress flow loss low. 

[0012] Moreover, according to the modification of the timing of the ON- 
OFF control in the control circuit of the main switch of the 1st and 2 

MOSFET, although ON resistance is comparatively high and MOSFET with a 
quick switching speed and switching speed are comparatively slow, ON 
resistance can suppress switching loss and flow loss low combining low 
MOSFET. 
[0013] 

[Embodiment of the Invention] Drawing 1 is drawing showing the circuitry 
of the gestalt of implementation of the 1st of this invention. The 
circuitry of the gestalt of the 1st operation is explained below using 
drawing 1 . In the case of the gestalt of this operation, the main- 
switch control circuit 10 consists of a control circuit 1 and a delay 



circuit 4. 

[0014] The minus terminal of a power source VI is connected to GND, and 
the plus is connected to the end of a capacitor CI. The other end of a 
capacitor CI is connected to GND. The plus terminal of a power source VI 
and the node of a capacitor CI are connected to the positive electrode 
of the primary coil Nl of the main transformer Tl, and the negative 
electrode of the primary coil Nl is connected to the drain of MOSFETQl 
and M0SFETQ2. The source of MOSFETQl and M0SFETQ2 is connected to GND. 
[0015] The positive electrode of the secondary coil N2 of the main 
transformer Tl is connected to the anode of diode Dl, and the cathode of 
this diode Dl is connected to the cathode of diode D2. The node of the 
cathode of diode Dl and the cathode of diode D2 is connected to the end 
of a coil LI, and the other end of this coil LI is connected to the end 
of a capacitor C2, and the end of a load circuit 6. The other end of a 
load circuit 6 is connected to the other end of a capacitor C2, it 
connects with the anode of diode D2, and the node is further connected 
to the negative electrode of the secondary coil N2 of the main 
transformer TL 

[0016] The output terminal of a control circuit 1 is connected to the 
gate of MOSFETQl, and the input terminal of a delay circuit 4. The 
output terminal of a delay circuit 4 is connected to the gate of 
M0SFETQ2. 

[0017] In addition, drawing 3 shows the delay circuit used for a delay 
circuit 4. The configuration of a delay circuit is explained using 
drawing 3 . The minus terminal of the source Val of an input signal is 
connected to GND, and the plus terminal is connected to the end of 
resistance Ra 1. The other end of Ral is connected to the end of a 
capacitor calcium 1, and one input terminal of OR circuit ORal. The 
other end of calciuml and the input terminal of another side of ORal are 
connected to GND. The output terminal of ORal serves as an output of 
this delay circuit. 

[0018] Drawing 2 shows the wave of the gestalt of the 1st operation of 
operation. Actuation of the gestalt of the 1st operation is explained 
below using drawing 2 . 

[0019] At the al time from which the pulse output electrical potential 
difference A obtained by the control circuit 1 serves as high potential, 
MOSFETQl will turn on, and will be in switch-on, and the drain current 
II flows between the drain sources of MOSFETQL At this time, the drain 
source electrical potential difference C of MOSFETQl and M0SFETQ2 
becomes low voltage. The switching loss by MOSFETQl occurs at the time 
of the turn-on of MOSFETQL 



[0020] Next, at the bl time from which the pulse output electrical 
potential difference B obtained from a delay circuit 4 becomes high 
potential, M0SFETQ2 will turn on, and will be in switch-on, and the 
drain current 12 flows between the drain sources of M0SFETQ2. Since the 
drain source electrical potential difference C of M0SFETQ2 already 
serves as low voltage at this time, the switching loss by M0SFETQ2 is 
not generated at the time of the turn-on of M0SFETQ2. 
[0021] It is that parallel connection of MOSFETQl and M0SFETQ2 is 
carried out from bMOSFETQl and whose M0SFETQ2 are switch-onl point in 
time to cl time, and since ON resistance is low resistance, the flow 
loss to generate becomes low. 

[0022] At the cl time from which the pulse output electrical potential 
difference A serves as low voltage, MOSFETQl will turn off, and will be 
in non-switch-on, and the drain current II will not flow. At the time of 
the turn-off of MOSFETQl, since the drain source electrical potential 
difference C of MOSFETQl serves as low voltage, switching loss is not 
generated. The time of the pulse output electrical potential difference 
B becoming low voltage, by dl, M0SFETQ2 will turn off, and will be in 
non-switch-on, and the drain source electrical potential difference C of 
MOSFETQl and M0SFETQ2 serves as high potential. The switching loss by 
M0SFETQ2 occurs at the time of the turn-off of M0SFETQ2. 
[0023] In addition, an electrical potential difference occurs [ the 
drain source electrical potential difference C ] in the secondary coil 
N2 of the main transformer Tl between low voltage, a current flows 
through diode Dl, and a load circuit 6 is supplied. Moreover, between 
high potentials [ electrical potential difference / C / drain source ], 
since an electrical potential difference does not occur in the secondary 
coil N2, a current flows through diode D2 with the energy collected on 
the coil LI, and a load circuit 6 is supplied. 
[0024] Drawing 4 shows the wave of a delay circuit of operation. 
Actuation of a delay circuit is explained here using drawing 4 . If 
pulse-voltage p is inputted into a delay circuit, the output q of the 
differential circuit which consists of Ral and calciuml will serve as a 
standup and a wave falling became blunt. Generally, the threshold 
voltage Vth of logic-gate IC is about 1 of the supply voltage Vcc/2, and 
by the input wave [ like ] which is q and which became blunt, before q 
reaches threshold voltage Vth, it will take fixed time amount. 
Consequently, the output pulse electrical potential difference r in 
which the phase was behind [ the input voltage p to a delay circuit ] is 
obtained from the output terminal of OR circuit ORal. 

[0025] In the case of the gestalt of the 1st operation, ON resistance is 



comparatively high to MOSFETQl and M0SFETQ2 of a main switch, but 
switching speed uses MOSFET with the property of being quick. By this, 
loss of the main switch at the turn-on al time is only loss by MOSFETQl, 
and loss of the main switch at the turn-off bl time is only loss by 
M0SFETQ2, and since the switching speed of a main switch is quick, the 
switching loss of a main switch can be suppressed low. 
[0026] Moreover, since it is used connecting MOSFETQl and M0SFETQ2 to 
juxtaposition, ON resistance of a main switch becomes low and can also 
suppress flow loss of the between at the cl time low from bl time which 
MOSFETQl and M0SFETQ2 turn on. Therefore, switching loss and flow loss 
can be suppressed low, loss by MOSFET of a main switch can be suppressed 
low, and the effectiveness of a power unit can be raised. 
[0027] Drawing 5 is drawing showing the gestalt of the 2nd operation. 
The circuitry of the gestalt of the 2nd operation is explained below 
using drawing 5 . In addition, the same sign is given to the same 
requirements for a configuration as drawing 1 . In the case of the 
gestalt of this operation, the main-switch control circuit 11 consists 
of control circuits 2 which consist of a control circuit 1, and a delay 
circuit 4, AND circuit AND 1 and OR circuit OR 1. 

[0028] The minus terminal of a voltage source VI is connected to GND, 
and the plus terminal of a voltage source VI is connected to the end of 
a capacitor Cl. Moreover, the other end of a capacitor Cl is connected 
to GND. The plus terminal of a voltage source VI and the node of a 
capacitor Cl are connected to the positive electrode of the primary coil 
Nl of the main transformer Tl, and the negative electrode of the primary 
coil Nl is connected to the drain of M0SFETQ3 and M0SFETQ4. The source 
of M0SFETQ3 and M0SFETQ4 is connected to GND. In addition, since the 
connection by the side of the secondary coil N2 is the same as that of 
the gestalt of the 1st operation, explanation is omitted. 
[0029] Next, the configuration of the main-switch control circuit 11 is 
explained. The output terminal of a control circuit 1 is connected to 
one input terminal of AND circuit AND 1, one input terminal of OR 
circuit OR 1, and the input terminal of a delay circuit 4. The output 
terminal of a delay circuit 4 is connected to the input terminal of 
another side of AND circuit AND 1, and the input terminal of another 
side of OR circuit OR 1. The output terminal of AND circuit AND 1 is 
connected to the gate of M0SFETQ3, and the output terminal of OR circuit 
OR 1 is connected to the gate of M0SFETQ4. 

[0030] Drawing 6 shows the wave of the gestalt of the 2nd operation of 
operation. Next, actuation of the gestalt of the 2nd operation is 
explained using drawing 6 . 



[0031] The pulse output electrical potential difference A obtained by 
the control circuit 1 serves as high potential at the a2 time, and the 
pulse output electrical potential difference E of OR circuit OR 1 of the 
pulse output electrical potential difference B and the pulse output 
electrical potential difference A which delayed the phase in the delay 
circuit 4 serves as high potential in the pulse output electrical 
potential difference A. In between at the d2 time, M0SFETQ4 will turn on 
from a2 time whose pulse output electrical potential difference E is 
high potential, it will be in switch-on, and the drain current 14 flows 
between the drain sources. Moreover, when the drain current 14 flows, 
the drain source electrical potential difference C of M0SFETQ3 and 
M0SFETQ4 serves as low voltage, and the switching loss by M0SFETQ4 
occurs at the time of the turn-on of M0SFETQ4. 

[0032] M0SFETQ3 will turn on at the b2 time from which the pulse output 
electrical potential difference D of AND circuit AND 1 of the pulse 
output electrical potential difference A and the pulse output electrical 
potential difference B serves as high potential, it will be in switch-on, 
and the drain current 13 flows between the drain sources of M0SFETQ3. 
Since the drain source electrical potential difference C of M0SFETQ3 
already serves as low voltage at this time, the switching loss at the 
time of the turn-on of M0SFETQ3 is not generated. 

[0033] Since parallel connection of M0SFETQ3 and M0SFETQ4 is carried out 
in between at the c2 time from bfrom which M0SFETQ3 and M0SFETQ4 will be 
in switch-on2 point in time, ON resistance of a main switch turns into 
low resistance. Thereby, flow loss becomes low. 

[0034] Next, at the c2 time from which the pulse output electrical 
potential difference A serves as low voltage, the pulse output 
electrical potential difference D serves as low voltage, and M0SFETQ3 
will turn off and it will be in non-switch-on. Since the drain source 
electrical potential difference E of M0SFETQ3 serves as low voltage at 
this time, the switching loss at the time of the turn-off of M0SFETQ3 is 
not generated. At the d2 time from which the pulse output electrical 
potential difference B serves as low voltage, the pulse output 
electrical potential difference E serves as low voltage, and M0SFETQ4 
will turn off and will be in non-switch-on. The switching loss by 
M0SFETQ4 occurs at the time of the turn-off of M0SFETQ4. 
[0035] In the case of the gestalt of this operation, although switching 
speed is comparatively slow to M0SFETQ3 of a main switch, low MOSFET of 
ON resistance is used, and although ON resistance is comparatively high 
to M0SFETQ4, MOSFET with a quick switching speed is used. 
[0036] The switching loss at the time of a turn-on and a turn-off is 



only the switching loss by M0SFETQ4, and since M0SFETQ4 is MOSFET with a 
quick switching speed, it can suppress switching loss low. ON resistance 
of M0SFETQ3 is low, and since M0SFETQ3 and M0SFETQ4 are connected to 
juxtaposition, it can suppress low flow loss when M0SFETQ3 and Q4 turn 
on. 

[0037] Therefore, it can become possible from this to suppress loss of 
MOSFET of a main switch low, and the effectiveness of a power unit can 
be raised. In addition, in the case of the gestalt of this operation, as 
compared with the gestalt of the 1st operation, it is expectable to 
decrease flow loss more. However, how to take the timing of the main- 
switch control circuit 11 becomes complicated compared with the main- 
switch control circuit 10. 

[0038] Drawing 7 is drawing showing the gestalt of the 3rd operation. 
Next, the 3rd configuration of the gestalt of operation is explained 
below using drawing 7 . In the gestalt of this operation, the main- 
switch control circuit 12 consists of a control circuit 1, a delay 
circuit 4 and a delay circuit 5, and a control circuit 3 that consists 
of exclusive ''or'' circuit Ex-ORl. In addition, the same sign is attached 
about the 1st and the same requirements for a configuration as the 
gestalt of operation of two. 

[0039] The minus terminal of a voltage source VI is connected to GND, 
and the plus terminal is connected to the end of a capacitor C5. The 
other end of a capacitor CI is connected to GND. The plus terminal of a 
voltage source V3 and the node of a capacitor C5 are connected to the 
positive electrode of the primary coil Nl of main transformer T3. The 
negative electrode of the primary coil Nl is connected to the drain of 
M0SFETQ5 and M0SFETQ6. The source of M0SFETQ5 and M0SFETQ6 is connected 
to GND. In addition, the configuration after the secondary of a 
transformer Tl is the same as that of the gestalt of the 1st operation, 
and omits explanation. 

[0040] Next, the configuration of the main-switch control circuit 12 is 
explained. The output terminal of a control circuit 1 is connected to 
one input terminal of exclusive "or" circuit Ex-ORl, and the input 
terminal of a delay circuit 4. The output terminal of a delay circuit 4 
is connected to the gate of M0SFETQ5, and the input terminal of a delay 
circuit 5. Moreover, the output terminal of a delay circuit 5 is 
connected to the input terminal of another side of Ex-ORl. Furthermore, 
the output terminal of exclusive ''or'' circuit Ex-ORl is connected to the 
gate of M0SFETQ6. Drawing 8 shows the wave of the gestalt of the 3rd 
operation of operation. Actuation of the gestalt of the 3rd operation is 
explained below using drawing 8 . 



[0041] At the a3 time from which the pulse output electrical potential 
difference A obtained by the control circuit 1 serves as high potential, 
the pulse output electrical potential difference G of exclusive ''or'' 
circuit Ex-ORl of the pulse output electrical potential difference F and 
the pulse output electrical potential difference A which delayed the 
phase in the delay circuit 4 and the delay circuit 5 serves as high 
potential in the pulse output electrical potential difference A. At this 
time, M0SFETQ6 will turn on, and will be in switch-on, and the drain 
current 16 flows between the drain sources of M0SFETQ6. Moreover, at 
this time, the drain source electrical potential difference C of 
M0SFETQ5 and M0SFETQ6 serves as low voltage, and the switching loss by 
M0SFETQ6 occurs at the time of the turn-on of M0SFETQ6. 
[0042] At the b3 time from which the pulse output electrical potential 
difference B which delayed the phase in the delay circuit 4 serves as 
high potential, M0SFETQ5 will turn on the pulse output electrical 
potential difference A, it will be in switch-on, and the drain current 
15 flows between the drain sources of M0SFETQ5. Since the drain source 
electrical potential difference of M0SFETQ5 already serves as low 
voltage at this time, the switching loss at the time of the turn-on of 
M0SFETQ5 is not generated. 

[0043] At the c3 time from which the pulse output electrical potential 
difference G serves as low voltage, M0SFETQ6 will turn off and will be 
in non-switch-on. Since the drain source electrical potential difference 
C of M0SFETQ6 is low voltage at this time, the switching loss at the 
time of the turn-off of M0SFETQ6 is not generated. 

[0044] M0SFETQ5 serves as flow loss of only M0SFETQ5 from c3 time whose 
M0SFETQ6 is non-switch-on in switch-on in between at the d3 time. 
[0045] Although M0SFETQ6 will turn on at the d3 time from which the 
pulse output electrical potential difference G serves as high potential 
and it will be in switch-on, at this time, the drain source electrical 
potential difference C of M0SFETQ6 is still low voltage, and does not 
generate the switching loss at the time of the turn-on of M0SFETQ6. 
Although M0SFETQ5 will turn off and it will be in non-switch-on at the 
e3 time from which the pulse output electrical potential difference B 
serves as low voltage, at this time, the drain source electrical 
potential difference C of M0SFETQ5 is still low voltage, and does not 
generate the switching loss at the time of the turn-off of M0SFETQ5. 
[0046] At the f3 time from which the pulse output electrical potential 
difference G serves as low voltage, M0SFETQ6 will turn off, and will be 
in non-switch-on, and the drain source electrical potential difference C 
of M0SFETQ5 and M0SFETQ6 serves as high potential. At this time, the 



switching loss by M0SFETQ6 occurs at the time of the turn-off of 
M0SFETQ6. 

[0047] In the case of the gestalt of this operation, switching speed is 
comparatively slow to M0SFETQ5 of a main switch, but low MOSFET of ON 
resistance is used, and although ON resistance is comparatively high to 
M0SFETQ6, MOSFET with a quick switching speed is used. 
[0048] At the time of a turn-on, at the a3 time, the time, it is only 
loss by M0SFETQ6 with a quick switching speed at the time of a turn-off, 
and the switching loss at the f3 time is low suppressed by this. 
Moreover, M0SFETQ6 of ON resistance with the high flow loss at the d3 
time turns off from c3 time which M0SFETQ5 of a main switch turns on, 
and since it is loss of only low M0SFETQ5 of ON resistance, it is 
stopped low. Therefore, loss by MOSFET of a main switch can be 
suppressed low, and the effectiveness of a power unit improves. In the 
case of the gestalt of this operation, it is expectable to suppress flow 
loss still lower compared with the case of the gestalt of the 1st and 
operation of two, but how to take the timing of the main-switch control 
circuit 12 becomes more complicated. 

[0049] With the gestalt of the 1st, 2, and operation of three, although 
applied to the power unit of 1 stone forward mold, this invention is not 
restricted to this and can be applied also to the power unit of a half 
bridge type or a full bridge type. Moreover, it is applicable also to 
the pressure-up mold and step-down-and-step-up mold instead of what is 
restricted to an electrical-potential-difference pressure-lowering mold. 
Moreover, it is not limited to an insulation or un-insulating. 
Furthermore, with the gestalt of these operations, although applied to 
the main-switch control circuit of a power unit, it is applicable not 
only to this but a protection network and other control circuits. 
[0050] In addition, although the delay circuit is constituted using an 
OR circuit, it is also possible to constitute from other logic-gate 
circuits, comparators, etc. 
[0051] 

[Effect of the Invention] According to this invention, although 
switching speed is quick and what has comparatively high ON resistance, 
and ON resistance are low as an MOSFET of a main switch, switching speed 
becomes possible [ suppressing the switching loss of a main switch low, 
and also suppressing flow loss low ] by connecting a comparatively late 
thing to juxtaposition combining plurality, and shifting the timing of 
those ON-OFF control. The effectiveness of a power unit improves by this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the circuitry of the gestalt of the 1st 

operation 

[Drawing 2] Drawing showing the wave of the main-switch control circuit 
of the gestalt of the 1st operation of operation 
[Drawing 3] Drawing showing a delay circuit 

[Drawing 4] Drawing showing the wave of a delay circuit of operation 
[Drawing 5] Drawing showing the circuitry of the gestalt of the 2nd 
operation 

[Drawing 6] Drawing showing the wave of the main-switch control circuit 

of the gestalt of the 2nd operation of operation 

[Drawing 7] Drawing showing the circuitry of the gestalt of the 3rd 

operation 

[Drawing 8] Drawing showing the wave of the main-switch control circuit 
of the gestalt of the 3rd operation of operation 

[Drawing 9] Drawing showing the conventional main-switch control circuit 
configuration 

[Drawing 10] Drawing showing the wave of the conventional main-switch 
control circuit of operation 

[Drawing 11] Drawing showing the switching loss generated from a main 
switch, and flow loss 
[Description of Notations] 

1 — Control circuit 

2 3 — Delay control circuit 
4 5 — Delay circuit 

6 — Load circuit 

10, 11, 12 — Main-switch control circuit 
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